We investigate whether cross-country diversification, particularly into emerging markets, has an impact on the pricing of exchange risk for globally diversified portfolios. Our empirical tests based on a conditional IAPM show that the price of exchange risk is highly significant in global sector portfolios that include only developed countries. In contrast, when we include emerging markets with the developed market assets, the hypothesis of zero price of exchange risk cannot be rejected. Also, global sector portfolios that include EM assets show lower currency beta and lower contribution of the currency premium on average. The reduction in the contribution of the currency premium is specifically important in periods of crises.
Introduction
In an International setting, the asset pricing models contain an exchange risk premium in addition to the traditional market risk premium. Thus, exchange risk constitutes an additional source of risk in international asset pricing models (IAPMs).
Consequently, the issue of whether exchange risk is priced in the stock market has been of significant interest in the international finance literature. Although the early evidence was inconclusive, the work of Dumas and Solnik (1995) suggested that the previous evidence on currency risk may be due to the use of unconditional asset pricing models.
Other studies that followed test various conditional versions of the Adler and Dumas (1983) model derived under deviations from purchasing power parity (PPP) and stochastic inflation.
1 For instance, De Santis and Gerard (1998) tested a conditional international asset pricing model (IAPM) with time varying prices of risk and found strong evidence consistent with Dumas and Solnik (1995) that foreign exchange risk is priced in major developed stock markets. Other studies such as Carrieri (2001) found similar evidence using data on major European countries.
Since most of these studies implicitly assumed full market integration and focused on few major developed markets, Majerbi (2006a, 2006b ) looked at a number of emerging markets and investigated the pricing of exchange risk in the context of partially integrated models. Their results suggest that the global price of exchange risk is significantly different from zero and significantly time varying regardless of the exchange risk measure used and even after accounting for inflation risk and local market risk. Based on a theoretical model that accounts for currency risk and partial segmentation, Chaieb and Errunza (2007) report similar results with regards to the significance and time variation of the global currency risk. Another study by Phylaktis and Ravazzolo (2004) applied a regime switching model for a number of Pacific Basin markets. Their results provide strong evidence that not only currency risk is priced in both pre and post liberalization periods, but the model is superior to one which does not include currency risk.
Most of the available studies, however, are based on country-level data, i.e., using cross-sections of country indices expressed in the same reference currency. Hence, it is important to test whether exchange risk is priced for cross-sections of globally diversified portfolios, instead of single-country portfolios. In this study, we use global sector portfolios to examine the importance of currency risk with special emphasis on the role of emerging markets (EMs) in the pricing of currency risk.
Because each sector has exposure to multiple currencies, this could be perceived by investors as either creating an additional source of risk or rather helping to reduce the global portfolio risk because of beneficial cross-currency diversification effects. The implications of these perceptions on the expected returns of global assets are quite different. It is thus important to investigate the relevance of the exchange risk factor in pricing these global equity portfolios, in particular when they include emerging market assets. Further, we also investigate the time varying impact of cross-country diversification on currency risk exposure and the contribution of currency risk premium to total premium.
Based on data from global sector indexes constructed across developed and emerging markets, we estimate an IAPM to investigate the significance of the price of exchange risk and the economic magnitude of the currency premium given that at least a part of the currency risk should be eliminated through cross-currency diversification within the portfolios. To this end, we use the DataStream global sector indices, which are a basket of the world's largest companies representing a substantial proportion of world equity value.
The regional global equity indices are segmented into 10 different global sectors. We consider three regional sets of these sector-level indices; the "DS-EMU" that is diversified across European developed markets, the "DS-DM" encompasses the same countries included in the DS-EMU portfolio as well as other developed markets, and the "DS-WRD" that includes developed and emerging countries sectors. 4 These three global equity indices differ in the countries and currencies represented and hence the extent of cross-country and cross-currency diversification, allowing us to investigate the role of EM assets in the pricing of currency risk.
The main results of this study can be summarized as follows. The price of exchange risk is significantly different from zero for global sector portfolios diversified across only the developed markets. However, using global sector portfolios that include both developed and emerging market assets, the hypothesis of a zero price of exchange risk cannot be rejected at any statistically significant level. These results suggest that cross-currency diversification decreases the significance of exchange risk in pricing global assets particularly when we include emerging markets. Indeed, while the price of exchange risk is consistently found to be significant for developed and emerging markets at the country level, this result does not hold when we consider global portfolios that include both developed and emerging market assets. In addition, global sector portfolios that include EM assets show lower currency beta and lower contribution of the currency premium on average. The reduction in the contribution of the currency premium is specifically important in periods of crises.
The rest of the paper is organized as follows. Section 2 outlines the model and empirical methodology used in the study. Section 3 describes the data and presents some preliminary analysis of global sector returns. In section 4, we report the empirical results from tests of exchange risk pricing using global sector returns. Section 5 concludes the paper and suggests some guidelines for future research.
Model and Methodology

The model
We use the econometric specification based on Adler and Dumas (1983) model derived under PPP deviations and stochastic inflation. In a world with L+1 countries, the expected excess returns can be written as:
where r i,t and r w,t are excess returns on asset i and the world market portfolio in period t, 
where e j is the change in real exchange rate on currency j and j δ is the price of real exchange risk related to currency j.
Given that it is very complicated to test the ICAPM model with many foreign currency variables, we simplify the model using two exchange rate indices (see for example Harvey (1993, 1994) , Majerbi (2006a, 2006b) These two currency indices are trade-weighted and a full description of them is provided in the data section.
Empirical Methodology
We test the significance of exchange risk in the context of cross-country diversified portfolios. The intuition is that currency risk may be less significant in explaining globally diversified portfolio returns, such as global sectors, with expectation that emerging market assets will play an important role in diversifying away such risk. We test the ICAPM described in Eq. (3) using different cross-sections of diversified sector portfolios that cover different groups of countries such as developed markets only or both developed and emerging markets.
DataStream provides total return indexes for global sectors both at the country level and at the regional level, with various regions encompassing different groups of countries. Based on data availability, we identify the following regions: We estimate the model in equation (3) for each of the three groups using a crosssection of ten sectors returns plus the two currency indexes. For robustness, we also run our model with a cross-section of internationally diversified portfolios represented by the G7 global sectors and the G7EM global sectors. The first one can be considered as a well diversified portfolio that includes developed markets across Europe, Asia and 5 We also use the most widely benchmarked international index, the MSCI Europe, Australia and Far East index also known as the EAFE index. It tracks a basket of 31 well-developed stock markets outside America. These global sector portfolios include mainly developed markets and provide similar results to what we obtain with the DM set. Hence we do not report the results for this set but they are available upon request.
America. The G7EM includes the G7 countries plus 8 emerging markets for which we have data at the sectoral level as outlined in more details in section 3.
The following system of equations is estimated for each set: In each system for estimation, the pricing restriction (2) has to hold for all N assets that include 10 sector portfolios, the change in exchange rates for the two real currency indices, and the world market return. 6 We model the prices of world market risk and exchange rate risks (
) to depend on a set of global information variables Z t-1 , drawn from previous literature. 7 More precisely, we model the price of world market risk as an exponential function of the information variables to ensure that this price is always positive as implied by the theoretical model. The price of exchange risk can be modeled using a linear functional form as there is no restriction on the price of exchange risk to be positive in the model.
The expected return on the world market portfolio also depends on world market risk and exchange risk, in line with the original model of equation (1). 7 Dumas and Solnik (1995) and De Santis and Gerard (1998) use the same set of global instruments. 8 In Adler and Dumas (1983) theoretical model, the price of market risk is always positive as long as investors are risk averse. However, the price of currency risk can be negative if the degree of risk aversion is greater than 1. The empirical models of Dumas and Solnik (1995) , De Santis and Gerard (1998), Carrieri, Errunza and Majerbi (2006a , 2006b ), and Chaieb and Errunza (2007 use the same functional specification proposed above for the prices of market and currency risk.
We follow the fully parametric approach used in De Santis and Gerard (1998). We impose a diagonal structure on the matrices of coefficients and assume that the system is covariance-stationary so that we can rewrite the first term of H t as a function of the unconditional covariance matrix of the residuals H 0 and a reduced number of parameter
where i is a (Nx1) vector of ones, a and b are (Nx1) vectors of unknown parameters and * denotes the Hadamard (element by element) matrix product. The system is estimated using the BHHH (Bernt, Hall, Hall and Hausman (1974) ) algorithm and quasimaximum likelihood (QML) standard errors are obtained to ensure robustness of the results (see White (1982) ).
Data and Summary Statistics
We use sector indices provided by DataStream. The database covers 10 sectors, further subdivided into industries, which in turn are divided into sub-industries. In this study our focus is on sectors. These are Oil and Gaz, Basic Materials, Industrials, Consumer Goods, Healthcare, Consumer Services, Telecommunications, Utilities, We also construct two sets of global sectors portfolios. In the first set, referred to as the G7 Global Sectors, each sector return is obtained from a value-weighted index of national sectors returns across the G7 countries (Canada, Germany, France, Italy, Japan, UK and US). The second set of global sectors, referred to as G7EM Global Sectors, spans a larger number of countries that include the G7 plus eight emerging markets for which we have data at the sectoral level. These are Argentina, Chile, Mexico, Malaysia, Korea, Philippines, Taiwan and Thailand. The portfolios for these 2 groups are constructed on a value-weighted basis from the constituent countries national sectors. More precisely, we use similar instruments as in the studies of De Santis and Gerard (1998), Solnik (1995), and Hillion (2003) to facilitate comparison of our results. The set of global instruments includes a constant, the world dividend yield in excess of the risk-free rate (XWDY), the change in the US term premium spread ( USTP), the US default premium spread (USDP), and the change in the risk free rate ( Euro$). The world dividend yield is the dividend yield on the world equity index available from DataStream. The term premium spread is computed from the yield on the ten-year US Treasury bonds in excess of the yield on the three-month bills, both available from the Federal Reserve Board (FRB) database.
The default spread is measured by the difference between Moody's Baa-rated and Aaarated corporate bonds also available from the FRB database. All variables are used with one-month lag relative to the sectors excess returns and the risk factors.
Empirical Results
Exchange risk pricing across global sector portfolios
We estimate model (4) using cross-sections of the global sector portfolios that are diversified across countries and currencies. Three estimations are performed with the three sets of global sectors (DS-EMU, DS-DM, and DS-WRD) as shown in Table 3 .
First, using DS-EMU sectors, we can see in Panel A that both major currency and EM currency risks are significantly priced, and jointly time varying. Nonetheless, we could not reject the hypothesis of constant price of risk for the EM currency risk. When we use a cross section of sector portfolios that include more developed countries, the price of EM currency risk becomes insignificant, while the price of major currency risk is still highly significant and time varying. Exposure to both major and EM currency risks is not significantly priced when emerging market assets are included as shown for global sectors at the world level, i.e. using DS-WRD. Although the emerging markets comprise a small fraction of any global sector's market capitalization, their inclusion makes exchange risk not significantly priced. Notice that for all the estimations the world market risk is significantly priced and is time-varying.
Our results are unchanged if we use the G7 global sectors vs. G7EM global sectors.
As shown in Panel B, with a cross-section of G7-diversified sector portfolios, the prices of both currency risks are significant and time varying, although the major currency component of the exchange risk factor is marginally significant. However, we cannot reject the hypothesis of zero price of risk for both exchange rate indexes at any significant level when our global sector portfolios are diversified across both the G7 and emerging markets. 
Exchange risk premiums across global sector portfolios
We investigate the impact of cross-country diversification on the exposure to currency risk and the premium to currency risk. We measure the exposure to the MJ or Though the currency premium decrease is not economically important on average over the entire period, this reduction is striking over the crises periods of 1995-99 that encompass the Tequila crisis, the Asian crisis, and the LTCM default. On average across all sectors, the global currency premium decreases from 70% to 40% of the total premium in absolute value. The global currency risk premium decreases significantly during the Asian crisis in 1997. The average contribution across all sectors decreases from 80% to 36%.
Thus, the evidence suggests that the significance of exchange risk in pricing global assets is reduced in the context of global portfolios that include not only developed countries but also emerging market assets. Investing in globally diversified portfolios that include EM assets provide them with a hedge against currency risk.
Conclusions
Recent empirical evidence for both developed and emerging markets at the individual country level have established that the price of exchange risk is significant and economically important in explaining expected equity returns. The significance of the price of exchange risk and the size of the currency risk premia could be due to the failure to account for diversified portfolios in the cross-sections of assets included in empirical testing. To shed light on this issue we estimate a conditional IAPM with timevarying prices of world market and foreign exchange risks using cross sections of globally diversified portfolios that include both developed and emerging market assets and currencies. We focus on global sector portfolios because of the growing interest in sector investing as a valuable source of diversification in the increasingly integrated capital markets.
Our results offer evidence that the significance of the exchange risk factor in pricing global assets is significantly reduced when we include emerging market assets in global portfolios. In addition, the exposure to currency risk as well as the relative contribution of the currency risk premium decreases when diversifying across developed and emerging markets. The reduction in the contribution of the currency premium is specifically important during periods of crisis. Hence, the inclusion of EM assets seems to not only reduce the volatility and boost the return of the overall portfolio but it also impacts its currency exposure and the relative contribution of the currency premium. This is consistent with previous evidence suggesting that emerging markets play a key role in achieving the benefits of international diversification of investment portfolios. Max. -24.01 -18.96 -20.36 -20.88 -18.15 -16.02 -20.11 -20.92 -17.84 -27.56 Min. Max. -19.57 -18.60 -19.94 -20.62 -17.06 -16.25 -20.57 -19.93 -18.23 -25.72 Min For each global sector index return, we plot the percentage contribution in absolute terms of the global currency premium that includes the MJ and EM currency premiums. The global currency premium is the sum of the MJ currency risk premium and the EM currency risk premium.
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